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INTRODUCTION 

It i s  somewhat l e s s  than a quarter of a century since shot peening was 
f i r s t  used consciously t o  imprwe-the fa t igue strength of metal par ts .  During t h i s  
time, considerable e f f o r t  has been spent toward finding the imprwement a t ta inable  
in  specif ic  applications and methods f o r  a t ta ining this improvement. While a l l  the 
fac tors  which affect the improvement are not completely understood, a number of use- 
ful  ideas concerning the mechanism of improvement have been advanced. The objective 
of this paper i s  t o  review these ideas toward an appreciation of the  present s ta tus  
of understanding the  effect  of shot peening upon fat igue strength. 

Them are a t  l e a s t  three obvious ways in  which shot peening inay be expected 
t o  influence the fatigue strength of a metal part : 

Each shot makes a s l i gh t  indentation so t h a t  the  peening 
operation roughens a previously polished surface. This 
would be expected t o  lower the fa t igue strength. 

Each indentation involves d i s tor t ion  of metal underneath J 

such d is tor t ion  produces work hardening (and, sometimes, 
other s t ruc tura l  changes) i n  near-surf ace layers ,  This 
may increase fatigue strength,  or i n  special  circumstances 
may decrease it. 

The general yielding of surface metal leaves macroscopic 
residual-compressive s t resses .  These s t r e s se s  are gener- 
a l l y  considered the most important fac tor  in the  improve- 
ment of fa t igue strength by shot peening. 

This separation of influencing fac tors  i s  admittedly oversimplified, but w i l l  afford 
an approach to ZE a n a l ~ q i ~  -A=J -A- of present h & ~ x l e d g e .  Soiiie a d d i t i o n d  fac tors  wij-i, be 
noted subsequent t o  discussion of these three.  

SURFACE ROUGHENING 

In  the case of a polished surface, each dent produced by a shot may be con- 
sidered a source of geometrical s t r e s s  concentration. Available information i s  in-  
adequate t o  give a good estimate of a stress-concentration f ac to r  or of a fatigue- 
notch fac tor  f o r  such dents. However, the  impressions are  s m a l l ,  w e l l  rounded, and 
overlapping. Taking all these i n t o  account, one may speculate t h a t  a fatigue-notch 
factor  for  a typical  shot-peened s t e e l  surface might be about 1.10 (see Reference 1 ) .  
This implies something l i k e  a 10% maximum reduction i n  fa t igue strength compared t o  a 
polished surface. 

The geometrical e f f ec t  of surface roughening may be estimated in.another 
way. The roughness of a shot-peened surface var ies  widely with the s t e e l ,  the shot, 
and the conditions of peening. However, a f a i r l y  typical .surface gave a profilometer 
reading of about 90-microinch nns i n  contras t  t o  t h a t  of a polished fa t igue- tes t  s p e d -  
men (about bmicroinch m s ) .  There have been a number of invest igat ions  of the effect  
of surface roughness, produced by mechanical f inishing,  on fatigue strength (see, fo r  
example, References 2 and 3). These have shown decreases . i n  fa t igue strength from 4 
t o  35 per cent f o r  differences in surface of the order of those mentioned f o r  polished 
versus shot-peened bars. T h i s  would correspond t o  a fatigue-notch fac tor  i n  the range 
1.04 t o  1.40. 

Thus, there i s  reason t o  believe t h a t  the geometrical e f f ec t  of surface 
roughening by peening would, by i t s e l f ,  decrease fatigue'  strength.  The decrease migM 
be in the range of 4 t o  40 per cent. It would be in te res t ing  t o  seek, by. sui tably 
planned experiments, a more de f in i t e  evaluation of t h i s  fac tor .  



SURFACE STRENGTHENING 

The d i s t o r t i o n  of g ra ins  a t  and near  t h e  sur face  changes t h e i r  phys i ca l  
p r o p e r t i e s .  Metal lographic examination ( see ,  f o r  example, Reference 4) d i s c l o s e s  
evidence of change of s t r u c t u r e  beneath t h e  sur face .  I n  some in s t ances  (Reference 5) ,  
hardness  t e s t s  show meta l  hardened g r e a t e r  t h a n  t h a t  t o  which changes of shape of 
g r a i n s  can  be de t ec t ed .  

Change i n  shape, s i z e ,  and o r i e n t a t i o n  of g ra ins  may be expected t o  i n -  
fluence t h e  f a t i g u e  s t r e n g t h  i n  t h e  reg ion  of chrrge.  It i s  very  d i f f i c u l t  t o  s e p a r a t e  
e f f e c t s  of such s t r u c t u r a l  changes from e f f e c t s  of concurrent  r e s i d u a l  s t r e s s e s  r e -  
s u l t i n g  from t h e  peening. Thum and Bautz (Reference 6) attempted t o  s epa ra t e  s i m i l a r  
e f f e c t s  In s u r f a c e - r o l l e d  specimens. Tes t s  were made on a s - ro l l ed  specimens and on 
s:;cc.f~er,s r o l l e d  and s t r e s s  r e l i e v e d  ( t o  some ex ten t )  by boring out t h e  c e n t e r s ,  It 
7 7.- ,-, 
V V G ,  conciuded t h a t  about one- f i f th  of t h e  i n c r e a s e  i n  reversed-bending f a t i g u e  
str>:.;;l,h was due t o  t h e  increased  h a r d n ~ s s  ( t h e  o ther  f o u r - f i f t h s  being due t o  f avo r -  
able r 5s idua l  s t r e s s e s ) .  Horger and Maulbetsch (Reference 7)  made some very  i n t e r e s t -  
i n g  t e s t s  on smal l  specimens machined from su r face - ro l l ed  ax le s ,  Figure 1 shows some 
of t h e i r  observa t ions  and i n d i c a t e s  d e f i c i t e  i nc rease  i n  f a t i g u e  s t r e n g t h  wi th  cold 
working cmler cond i t i ons  where a t  l e a s t  a l a r g e  p a r t  of t h e  r e s i d u a l  s t r e s s  was re -  
x ~ r 5 d  by the  s?c t ion ing .  They a l s o  found somewhat l a r g e r  increase  i n  f a t i g u e  s t r e n g t h  
with cold  working by s t r e t c h i n g  t h e  b a r s .  

Thus, it appears  t h a t  cold working of surface l a y e r s  by sho t  peening may, 
a p a r t  f r c n  t h e  macroscopic r e s i d u a l  s t r e s s  produced by t h e  peening, tend  toward i n -  
creased f a t i g u e  s t r e n g t h  of t h e  p a r t .  It i s  v e r y  d i f f i c u l t  t o  suggest even an approxi-  
mate value f o r  t h e  m..c,lnitude of t h i s  e f f e c t .  Arguments have been advanced ( s e e ,  f o r  
example, R2ference 10 )  f o r  supposing t h a t  t h e  inc rease  from cold. working alone i s  
small .  The anount may, i n  many cases ,  be of t h e  order  of t h e  decrease from t h e  geo- 
m e t r i c a l  e f f e c t  of sur face  roughening. I n  t h z t  event ,  t h e s e  two f a c t o r s  would t e n d  
t o  balance each o t h e r  so  t h a t  a determining f a c t o r  would t h e n  be t h e  r e s i d u a l  s t r e s s  
induced by t h e  peening. 

RESIDUAL STRESS 

Deformation of su r f ace  l a y e r s  dur ing  peening involves  p l a s t i c  "flow" of 
metal  n e a r  t h e  su r f ace ,  which s t r e t c h e s  t h e  subsurface core.  Subsequently, t h e  
e l a s t i c  core  n i a t e r i a l  t r i e s  t o  fo rce  t h e  deformed m a t e r i a l  back i n t o  shape. A s  a r e -  
s u l t ,  su r f ace  meta l  i s  i n  compression and co re  m a t e r i a l  i n  t e n s i o n  a f t e r  t h e  peening. 
The irnportanca of r e s i d u a l  compressive s t r e s s e s  pea r  t h e  su r f aces  of metal p a r t s  has  
been d i scussed  e x t e n s i v e l y  by J .  0 .  Almen (Reference 8 ) .  

Actual ly,  t h e  r e s i d u a l  s t r e s s  i s  b i a x i a l  a t  t h e  sur face  and triaxial beneath 
( w e  Reference 5 ) .  For t h e  moment, we s h a l l  neg lec t  t h i s  and, over-s implifying t h e  
s i t u a t i o n ,  cons ider  j u s t  t h e  l o n g i t u d i n a l  r e s i d u a l  s t r e s s  i n  a simple ba r  specimen. 

F igure  2 shows t h e  r e s i d u a l  s t r e s s  p a t t e r n  t h a t  might e x i s t  i n  a b a r  of s t e e l  
shot  peened on t h e  t o p  s i d e  only. Let u s  cons ider  t h e  s t r e s s e s  a t  va r ious  l o c a t i o n s  
i n  t h i s  b a r  when it i s  subjec ted  t o  repea ted  bending so  t h a t  t h e  load  s t r e s s  a t  t h e  
t o p  v a r i e s  from ze ro  t o  200-ksi t e n s i o n .  When t h e  appl ied  load  i s  zero,  t h e  s t r e s s e s  
w i l l  be t hose  i n d i c a t e d  by t h e  broken l i n e  l a b e l l e d  " r e s i d u a l  s t r e s s " .  A t  m h u m  
load ,  t h e  s t r e s s e s  w i l l  be t hose  shown by t h e  s o l i d  l i n e  l a b e l l e d  " r e s u l t a n t  s t ressu++.  

*A f u r t h e r  s i m p l i f i c a t i o n  i n  t h i s  d i scuss ion  i s  t h e  assumption t h a t  t h e  r e s i d u a l  s t r e s s  
does not change dur ing  t h e  repea ted- loading  t e s t .  



0 5 10 15 20 25 

increase in Fatigue Strength, per cent 

IGURE I .  INCREASE IN FATIGUE STRENGTH WITH COLD WORKING, 
HORGER AND MAULBETSCH (REF 7 )  
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From Figure 2, one can make up a t a b l e  of values of cyc l i c  s t r e s s e s  i n  t h e  
peened ba r  and corresponding s t r e s s e s  which would occur i n  a s imi la r ly  loaded un- 
peened bar.  Such values a re  shown i n  the  following tabula t ion.  It may be noted, a t  
most points  i n  t h e  upper ha l f  of the  bar, t h a t  both maximum and minimum s t r e s s e s  are  
d i f f e r e n t  from t h e  two cases.  The res idua l  s t r e s s  (being considered constant )  has 
s h i f t e d  t h e  t o t a l  mean s t r e s s  i n  the  loading cycle, but has not influenced the  ampli- 
tude of s t r e s s .  

Depth Below S t resses .  k s i  
 TO^ Surface, Unpeened Bar Peened Bar 

inch Minimum Maximum M i n i m u m  Maximum 

O O +2OO -140 
0.01 o +180 - 75 
0.02 o +160 + 15 
0.03 o +140 + 25 
0.04 0 +I20 + 30 
0.05 0 +loo + 30 
0.06 o + 80 + 2 5  
0.08 0 + 40 + 10 
0.10 0 0 0 

I n  evaluating t h e  inf luence  of the  res idua l  s t r e s s  upon t 
of the ba r ,  it seems i n  order t o  consider t h e  influence of mean s t r e s s  upon s t r e s s  
amplitude i n  f a t i g u e .  Figure 3 (from Reference 9) shows t h i s  inf1,uenze f o r  one ' s t e e l  
---in the form of a modified Goodman-type diagram. Goodman diagrams a re  not ava i l ab le  
f o r  many mate r i a l s ,  and none was found f o r  the  p a r t i c u l a r  s t e e l  considered i n  t h i s  ex- 
ample. The usual  expedient (drawing s t r a i g h t  l i n e s  through a value f o r  t e n s i l e  _ 
s t reng th  m d  v d m s  from fiilly-reversed-loading fa t igue  t e s t  
sen t  discussion.  Figure 4 i l l u s t r a t e s  such a diagram. 

Before considering t h e  e f f e c t  of peening, consider an unpeened b a r  loaded 
so  t h e  t o p  surface v a r i e s  from zero t o  tens ion (note on Figure 4, the  l i n e  through t h e  
o r i g i n  and Point A ) .  A t  a maximum s t r e s s  l e v e l  of 200 k s i  (mean s t r e s s  of 100 k s i  p lus  
s t r e s s  amplitude of 100 k s i ) ,  f a i l u r e  will occur a t  Point A i n  about 15,000 cycles. 
This i s  t h e  l i f e t i m e  expected f o r  an unpeened bar.  For a reason t h a t  w i l l  appear 
s h o r t l y ,  it i s  des i rab le  t o  note condit ions corresponding t o  a l i f e t i m e  of 200,000 
cycles ;  these  a re  a s  follows: mean s t r e s s  of 85 k s i ,  s t r e s s  amplitude of 85 k s i ,  a d  
maximum s t r e s s  of i 7 0  k s i .  

Figure 5 i l l u s t r a t e s  a p a r t  of t h i s  same Goodman diagram with a heavy curve 
represent ing s t r e s s  condi t ions  a t  var ious  depths i n  t h e  shot-peened specimen. This was 
obtained from t h e  t a b u l a t i o n  on t h i s  page; t h e  upper l e f t  s t a r t s  a t  t h e  surface, the  
l i n e  bends back sharply  a t  a depth between 0.02 inch and 0.03 inch below the  surface.  
It appears t h a t  this curve w i l l  j u s t  touch a Goodman l i n e  corresponding t o  a l i f e t i m e  
of about 200,000 cycles .  This point  of i n t e r s e c t i o n  w i l l  correspond t o :  a depth 
about 0.015 inch, a mean s t r e s s  about 97 k s i ,  and a s t r e s s  amplitude about 80 k s i .  

Thus, t h e  ca lcu la t ion  i n d i c a t e s  a l i f e t i m e  of about 200,000 cycles f o r  the  
shot-peened specimen compared t o  about 15,000 cycles f o r  an unpeened specimen. The 
nominal maximum s t r e s s  f o r  t h e  peened specimen i s  200 k s i ;  f o r  an unpeened specimen 
l i v i n g  a s  long, it would be about 170 k s i .  Peening may be sa id  t o  have increased the  
l i f e t i m e  some 130 p e r  cent ,  o r  t o  have increased t h e  loading s t r e s s  withstood t o  a 
spec i f i ed  l i f e t i m e  of about 15 per cent .  
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FIGURE 3. GOODMAN DIAGRAM FOR A NORMALIZED SAE 4130 STEEL 
(REF.  9) 
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It may be noted t h a t  t h e  c a l c u l a t i o n  p red ic t ed  a  subsurface f a i l u r e .  Such 
f a i l u r e  i s  found of ten  i n  shot-peened specimens ( e s p e c i a l l y  i n  s t ress -peened  ones 
which have high r e s i d u a l  s t r e s s e s ) .  Figure 6 i s  a  photograph showing t h e  nucleus of 
f a t i g u e  f a i l u r e  i n  a  shot-peened spr%ng l e a f  a t  a  subsurface inc lus ion .  

This  s i m p l i f i e d  c a l c u l a t i o n  shows a  number of l t ems  u s e f u l  a s  gu ides  i n  r e -  
spec t  t o  p r a c t i c a l  improvement of f a t i gue  l i f e  by shot  peening, I n s o f a r  a s  r e s i d u a i  
s t r e s s e s  a r e  concerned, it appears t h a t  improvement should be expected n a i n l y  when 
t h e  loading produces a  s t r e s s  grad ien t .  The b a r  used a s  a n  example might have i t s  
t ens ion - t ens ion  f a t i g u e  s t r e n g t h  lowered by  peening; it would be expected t o  f a i l ,  
under  such loading, beneath t h e  surface a t  t h e  reg ion  of m a x i m u m  r e s i d u a l  t e n s i o n ,  
Under f u l l y  reversed  bending, it would be expected t o  f a i l  a t  t h e  bottom unpeened 
su r f ace  ( a t  a  s l i g h t l y  lower l i f e t i m e  t h a n  t h a t  of an unpeened b a r ) .  I n  gene ra l ,  
peening should be e f f e c t i v e  i n  bending and t o r s i o n  where t h e r e  i s  a  cons iderable  
s t r e s s  grad ien t .  However, it should be h e l p f u l  a l s o  i n  a x i a l  loading  of notched 
specimens where t h e  geometry imposes a  g rad ien t  of loading  s t r e s s ,  The approach 
used i n  t h i s  example could be appl ied  t o  o t h e r  loading condi t ions .  A t  p r e sen t ,  i n -  
formation i s  sca rce ly  adequate t o  examine i t s  v a l i d i t y  i n  a  r e l a t i v e l y  simple s i t u a -  
t i o n .  

ADDITIONAL FACTORS I N  REGARD TO RESIDUAL STRESS 

The example j u s t  given was overs impl i f ied  i n  s e v e r a l  r e spec t s .  

For one th ing ,  an oversimplif ied approximation t o  t h e  Goodman diagram waS 
used. The au thor  was  unable t o  f i n d  an i n s t a n c e  i n  which t h e r e  was experimental  ev i -  
dence concerning t h e  improvement i n  f a t i g u e  s t r e n g t h  by s h o t  peening, t h e  r e s i d u a l  
s t r e s s  a c t u a l l y  produced by  t h e  same peening, and a  Goodman diagram f o r  t h e  s t e e l  i n  
t h e  same gene ra l  condi t ion .  

Figure 2 sugges t s  t h a t  t h e  s t r a i g h t - l i n e  diagram may no t  be a  v e r y  good ap- 
proximation f o r  t h e  p re sen t  purpose. However, information about t h e  e f f e c t  of mean 
s t r e s s  upon f a t i g u e  s t r e n g t h  i s  inc reas ing ,  and t h i s  ove r s imp l i f i ca t ion  can be avoided 
when adequate d a t a  a r e  a v a i l a b l e .  

Next, it was assumed t h a t  t h e  r e s i d u a l - s t r e s s  p a t t e r n  d i d  not  change dur ing  
t h e  course of t h e  f a t i g u e  t e s t .  This  i s  no t  always so. Moore ( ~ e f e r e n c e  5 )  s t a t e s :  
"Test  d a t a  on t h i s  a r e  meager, b u t  a  few t e s t s  a t  t h e  Un ive r s i t y  of I l l i n o i s  showed 
t h a t  even a s i n g l e  cyc le  of appl ied  s t r e s s  above t h e  y i e l d  p o i n t  of t h e  peened meta l  
removed t h e  g r e a t e r  p a r t  of t h e  l o n g i t u d i n a l  r e s i d u a l  s t r e s s  . . . .". "No s e r i o u s  
reduct ion  was found f o r  app l i ed  s t r e s s e s  lower t h a n  about one- th i rd  of t h e  y i e l d  
s t r e n g t h  . . .Ir. The g e n e r a l  problem of al lowing f o r  a l l e v i a t i o n  of t he  f avo rab le  
r e s i d u a l  s t r e s s  during load ing  i s  not  d i s s i m i l a r  f o r  t h e  problem of al lowing f o r  
a l l e v i a t i o n  of notch s t r e s s  concent ra t ions  b y  l o c a l  y i e l d i n g  a t  r e l a t i v e l y  h igh  loads .  
It i s  q u i t e  poss ib l e  t h a t  f u t u r e  research  can  develop u s e f u l  methods of a l lowing f o r  
t h i s  e f f e c t  i n  e s t ima t ion  of improvements i n  f a t i g u e  s t r e n g t h  by sho t  peening. 

Again, i n  t h e  numerical example, t h e  t r a n s v e r s e  r e s i d u a l  s t r e s s e s  in t roduced  
by  peening were neglec ted .  I n  most r e p o r t s  of measurement of peening s t r e s s e s , _  t h e s e  
have not been measured. There i s  r e l a t i v e l y  l i t t l e  in format ion  about b i a x i a l  r e s i d u a l  
s t r e s s e s  from peening o r  about t h e  e f f e c t  of b i a x i a l i t y  of r e s i d u a l  s t r e s s e s  from any 
source upon f a t i g u e  s t r e n g t h .  However, cons iderable  work i s  be ing  done upon t h e  e f f n c t  
of combined s t r e s s e s  i n  f a t i g u e ,  I n  cu r r en t  work a t  B a t t e l l e ,  sponsored by t h e  Norton 
Company, b i a x i a l i t y  of g r ind ing  s t r e s s e s  ( a s  determined by D r .  H .  Letner  of t h e  Mel lm 
~ n s t i t u t e )  i s  being considered i n  t he  gene ra l  problem of ana lyz ing  e f f e c t s  of gr inding  
upon f a t i g u e  s t r eng th .  S imi l a r  a n a l y s i s  could be made wi th  r e spec t  t o  shot-peening r e -  
s i d u a l  s t r e s s e s .  



FIGURE 6. SUBSURFACE NUCLEUS OF FATIGUE FAILURE I N  A 
SHOT- PEENED SPRING LEAF 

(Courtesy of S t a n d q  S t e e l  Spring Division, 
Rockwell Spring and Axle Company. ) 



ADDITIONAL FACTORS I N  PRACTICE 

To this point ,  consideration has been directed t o  somewhat ideal ized s i tua -  
t ions .  It has been t a c i t l y  assumed tha t  the  surface p r io r  t o  peening was smooth, 
polished, f ree  from decarburization; e tc . ,  so t h a t  fa t igue improvement was simply 
based upon comparison with fa t igue  strengths of polished specimens. It a l so  was 
t a c i t l y  assumed t h a t  peening was near optimum (with complete and uniform coverage, 

= of sui table  i n t ens i t y  t o  p rwide  high res idual  s t r e s s  without overpeening, e t c )  . I n  
view of t he  objective of t h i s  paper, departures from these conditions may be con- 
sidered a s  addit ional  complications i n  analysis;  nevertheless, these complications 
may have great  p r ac t i c a l  significance. 

Peening has been e f fec t ive  on various types of surfaces,  Carburized gears, 
decarburized springs, induction-hardened specimens, a notched flame-hardened speci- 
men, straightened automobile axles, and other par t s  have been reported t o  have re- 
ceived increased fa t igue res is tance from shot peening (Reference 11) .  Actually, one 
of the advantages of shot peening i s  i t s  usefulness i n  improving pa r t s  whose surfaces 
have not been painstakingly polished. A discussion of the  e f fec t  of shot peening on 
various types of surfaces from the  approach considered i n  this paper would require 
de ta i l ed  character izat ion of each surface considered. So extensive a discussion i s  
beyond the  scope of the  present paper and, t o  a l a rge  extent ,  beyond the  scope of 
present knowledge of surfaces. There is ,  however, no apparent reason t o  doubt t h a t  
analys is  of such f ac to r s  i n  the  action of 'shot peening, as  those mentioned f o r  pol- 
ished surfaces,  should be helpful  toward understanding po ten t ia l  e f f e c t s  of peening 
upon other surfaces. More research along these  l i n e s  should be p rof i t ab le  toward 
b e t t e r  and wider usage of shot peening i n  many prac t ica l  applications.  

There has been considerable discussion i n  the  l i t e r a t u r e  concerning the  
importance of complete coverage i n  shot peening t o  improve fa t igue res is tance.  An 
experiment performed at Bat te l l e  Ins t i t lAe s e ~ e r c  yeus age, =der sp~nso r sh ip  of 
t h e  Standard S tee l  Spring Company (now a Division of the  Rockwell Spring and Axle 
Company), graphically i l l u s t r a t e s  t he  e f f e c t  of lack of complete coverage i n  shot 
peening spring leaves. A number of leaves were shot peened with l i t t l e  squares of 
adhesive applied t o  prevent peening of local ized areas. I n  fa t igue  t e s t s ,  specimens 
f a i l e d  with cracks or iginat ing a t  the  unpeened regions. Even when areas a s  small as 
about l/l0-inch square were unpeened, the  leaves f a i l e d  a t  approximately the  same 
l i fe t ime  a s  t h a t  of the  completely unpeened specimens. Figure 7 i l l u s t r a t e s  two 
f a i l e d  specimens from t h i s  experiment. The l e a f  on the l e f t  s ide  of the  f igure  
f a i l e d  through the  unpeened square area; t he  l e a f  on the  r i gh t  s ide  f a i l e d  through a 
small unpeened area near i t s  upper right-hand edge. 

Numerous observations have suggested t h a t  f o r  a spec i f i c  appl icat ion there  
i s  an optimum peening. Too-low in t ens i t y  of shot and too-few passes do not produce 
a s  extensive work hardening and as  high and deep compressive s t r e s se s  a s  would give 
maximum improvement i n  fa t igue  res is tance,  In tent ional  overpeening was t r i e d  i n  
some experiments by the  Standard S tee l  Spring Division of Rockwell Spring and Axle 
Company. Figures 8 and 9 show some of t he  r e s u l t s  obtained by peening spring leaves 
with several  passes of very heavy shot a t  high in tens i ty .  Figure 8 i l l u s t r a t e s  
(note the arrows) metal fo lds  present over a major port ion of the  peened tension sur- 
face  of an untested l e a f .  Figure 9(a)  i s  a micrograph showing a cross section of one 
of these fo ld s  and a subsurface crack. Figure 9(b) shows t h i s  same section a f t e r  
etching. Etching showed no evidence of i n t e r n a l  scale or decarburization; t h i s  in -  
d ica tes  t h a t  the  crack was created a f t e r  heat  treatment and, therefore ,  was a r e s u l t  
of the  werpeening. As evident i n  Figure 8, the  surface fo lds  had random orienta- 
t ion;  some would be c r i t i c a l l y  oriented so as  t o  i n i t i a t e  fa t igue cracks under re- 
peated loading. 



FIGURE: 7. E F F E C T  O F  LACK OF COVERAGE I N  
SHGT F E E N I N G  SPRING LEAVES 
(SEE TEXT) - 



FIGURE 8. METAL FOLDS I N  THE INTENTIALLY OVERPEENED SURFACE OF A SPRING 
LEAF 

(Courtesy of R. S. Komarnitsky, Research and Development 
Laboratory, Standard S t e e l  Spring Division of the Rockwell 
Spring and Axle Company. ) 



( a )  Ju s t  before e t ch ing  (b) After  etching 

FXURE 9. C R C 6 S  S E C T I O N  THROUGH ONE OF  THE FOLDS I N  FIGWLE 8 

(cour tesy  of R. S. Komarnitsky, Research and Development 
Laboratory, Standard S t e e l  Spr ing  Div is ion  of t he  
Rockwell Spring and Axle Company. ) 



CONCLUDING REPNUS 

Shot peening t o  improve the fa t igue  res is tance  of metal p a r t s  has been 
ac t i ve ly  pract iced fo r  l e s s  than a quar ter  of a century. I n  t h i s  time, the re  has 
been a great  dea l  of development of methods of peening and of numerous p r ac t i c a l  
applicat ions.  

a This development of peening has resu l t ed  i n  p a r t i a l  understanding of the 
mechnxism by which shot peening contr ibutes  t o  improvement i n  f a t i gue  res is tance  . 
Three f ac to r s  have been mentioned: ( 1 )  surface roughening, which may decrease 
fa t igue  res is tance  ; ( 2  ) surf  ace work hardening, which contr ibutes  t o  increasing 
fa t igue  res is tance;  (3 )  res idua l  s t r e s s e s ,  which increase f a t i gue  res i s t ance  under 
loadings t h a t  give s t r e s s  gradients .  While it i s  d i f f i c u l t  t o  prove, it i s  commonly 
agreed t h a t  the  t h i r d  f a c t o r  i s  the  most important. Future research could c l a r i f y  
t h i s  point .  

The general  manner i n  which r e s idua l  s t r e s s  from peening may increase the  
fa t igue  s t rength  of a p a r t  can be understood i n  terms of a Goodman diagram showing 
the  e f f e c t  of mean s t r e s s  upon fa t igue  s t reng th  of the  metal  peened. Ejcisting data  
a re  inadequate t o  ind ica te  the f u l l  usefulness or  poss ible  l im i t a t i ons  of this ap- 
proach. It i s  believed t h a t  c r i t i c a l  experiments could be designed t o  study the  re-  
l a t i o n  of peening s t r e s s e s  t o  fa t igue  s t reng th  on the  b a s i s  of a Goodman diagram. 

Rela t ively  l i t t l e  quan t i t a t ive  work has been done upon the  b i d a l i t y  of 
s t r e s s e s  produced by peening and the  r e l a t i o n  of such b i a x i a l i t y  t o  fa t igue  strength 
under various kinds of loading. Increasing knowledge of the  e f f e c t  of combined 
s t r e s s e s  on fa t igue  should provide a l o g i c a l  approach t o  t h i s  study. 

There a re  a number of complicating f ac to r s  i n  many appl ica t ions  of shot 
naorinn +\-t a r e  beyond the  present  p o t e n t i d i t i e s  of quaytit2tive pre&ction, It yuv LL" 6 " A  CL 

does not seem l i k e l y  t h a t  within the  immediate fu tu re  it w i l l  be f e a s ib l e  t o  predic t  
f a t igue  behavior and i t s  improvement by shot  peening t o  a degree t h a t  would make ex2 
perimental t e s t s  i n  any new appl ica t ion unnecessary. Nevertheless, progress i n  
understanding t h e  mechanism may be made. Such understanding w i l l  guide necessary 
empirical  t e s t i ng ,  and may be expected t o  reduce the number of experiments required 
t o  develop a new appl ica t ion of shot peening. 
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